Fine structure of chromosomes and related nuclear components
With the aid of a high voltage electron microscope Nakanishi, Utsumi and Lin (1970) first visualized the three dimentional structure of meiotic chromosomes in sectioned materials of Trillium kamtschaticum. They demonstrated major and minor spirals of chromatids, the latter being composed of fine fibrils, 400 A in diameter, with a helical configuration, indicating the supercoiled structure of chromosomes. Tanaka and Lino (1973) , on the other hand, investigated fibrous components in interphase nuclei of rabbit hepatic cells by high resolution scanning electron microscopy, using a frozen resin cracking method. They stated that a fiber 350-700 A in diameter was formed of about 250 A coiled fibrils which were themselves formed of 100-150 A supercoiled subfibrils comparable to the chromatin fibers observed by whole mount electron microscopy.
Recently, Utsumi (1981 Utsumi ( , 1982 examined, by scanning electron microscopy, banded and non-banded metaphase chromosomes as well as surface-spread chromosomes of cultured human lymphoma cells, paying special attention to the looping configuration and the stereographical surface topology. It was shown that the Giemsa-positive regions of chromatids as demonstrated by the G-, C-and FPG-staining method had a bulky appearance in their surface topology and that minimally stretched chromosomes were composed of a mass of nodular and twisted looping fibers with an average diameter of about 300 A. A similar piled-up configuration of Giemsa-positive chromatids had been observed by Takayama, Utsumi and Sasaki (1981) in Chinese hamster chromosomes processed for sister-chromatid differentiation. There was no particular structural unit observed in the centromeric constriction which was distinguishable from gaps by the presence of several chromosome fibers parallel to the axis of the chromatid. Nakanishi, Fujikawa and Nei (1979) examined the deoxyribonucleoprotein (DNP) fibers extracted from calf thymus by electron microscopy combined with a freezereplica method. The DNP fibers with a mean diameter of 183 A, possibly corresponding to the elementary chromatin fibers, were formed by a coiling of fine fibrils, 23 A in diameter. Certain structural changes of DNP fibers were noted following y-irradiation (Nakanishi et al., 1976 ; Nakanishi, 1979) . Maeki (1981a) obtained evidence for the holokinetic structure of lepidopteran chromosomes by demonstrating the electron microscopic profile of microtubules occurring along the whole length of chromosomes. Sakai-Wada (1983) made some cytochemical electronmicroscopic studies on the kinetochore of Tradescantia meiotic s13 s14 chromosomes, describing the location and staining reaction of certain chemical components such as DNA, RNA and basic proteins in the kinetochore and adjacent regions. Interchromosomal connectives observed in non-fixed and simply squashed preparations of mouse cells (Takayama, 1975 ; Takayama and Matsumoto, 1977) may also merit attention, although these studies were not performed with electron microscopy.
Methods, mechanisms and implications of chromosome banding During the past decade or so, various techniques have been developed to demonstrate the banded structure of chromosomes in both animal and plant cells. 1) C-, G-, and R-banding Certain segmental patterns resembling the R-bands of metaphase chromosomes were demonstrated by Shiraishi (1970) in human lymphocytes following low temperature treatment and silver hexamethylentetramine staining. The negatively stained segments produced by this method were later suggested as coinciding with the late replicating regions revealed by tritium thymidine autoradiography (Shiraishi, 1972) . Although this technique has not been adopted for practical use, another technique which efficiently produced G-banding of human chromosomes by treatment with urea was introduced by Shiraishi and Yosida (1972) . A simple C-banding technique which incorporated steps of the lactic acid and heat treatment in the conventional air-drying Giemsa staining was devised by Takagi (1971) for insects and other animals. Utakoji (1972) developed a unique technique to produce G-banding in human chromosomes with potassium permanganate. He suggested that the oxidation of certain chromosomal constituents involved in the permanganate treatment is responsible for the differential staining which may be closely related to the uneven distribution of sulfhydryls and/or disulfides along the chromosomal axis or to their unequal reactivity in different chromosomal regions (Utakoji 1973 ). Kato and Moriwaki (1972) tested various kinds of solutions including dozens of both organic and inorganic reagents for their ability to produce bands in Chinese hamster chromosomes and concluded that the solubilization or extraction of some chromosomal proteins, probably of acidic nature, would be the primary cause of the appearance of the banded structure of chromosomes. Matsui and Sasaki (1975) made some cytochemical, biochemical and biophysical studies on isolated metaphase chromosomes before, and after, exposure to trypsin and some other banding solutions and suggested that the Giemsapositive bands represented relatively thermostable chromatins constituting smaller non-histone protein molecules. Uneven deprivation of acid-soluble protein during in situ G-banding of Chinese hamster chromosomes was further substantiated by Matsukuma and Utakoji (1976) using dansyl chloride, a highly specific fluorescent dye for protein. A similar association of non-histone protein with centromeric heterochromatin, rich in satellite DNA, and certain particular interstitial segments of mouse L-cell chromosomes had been revealed by dansyl-and N-bromosuccinimidefluorochroming (Utakoji and Matsukuma, 1974; Utakoji, 1974) , which was confirmed in primary lung-cell cultures as well as in male meiosis of the mouse (Matsukuma and Utakoji, 1977) .
2) N-banding, a differential staining for the nucleolus organizing region A specific association of non-histone protein with the nucleolus organizing region (NOR) of mammalian and marsupial chromosomes was shown by N-banding, a novel differential staining method introduced by Matsui and Sasaki (1973) which incorporated acid-extraction of DNA, RNA and histones. This technique was ims15 proved by Funaki, Matsui and Sasaki (1975) for simplicity and reproducibility by which the location of NORs was determined in various species of animals and plants. From the available cytological and biochemical data it was suggested that the Nbands represent a certain ubiquitous structural element associated with eukaryotic ribosomal genes. Further cytochemical and biochemical studies in Xenopus laevis indicated that the N-bands coincide with the location of all the clustered ribosomal cistrons including the 18S +28S RNA genes as well as the 5S RNA genes revealed by the in situ DNA-RNA hybridization technique (Matsui, 1974a) . Some supplementary studies on the N-banding profiles were done with Vicia faba and Drosophila melanogaster chromosomes (Matsui, 1974b (Matsui, , 1974c .
3) LAB method for detection of heteromorphic bands Oka et al. (1977) described a new technique useful for the detection of variant (heteromorphic) bands in human chromosomes. Cultured cells were first treated with BUdR and then with TdR, and observed after acridine orange fluorescent staining to reveal late replicating segments as bright bands. This technique, which was referred to as LAB technique, was highly efficient in the detection of not only the conventional Q-variants but also other variant bands , especially when combined with QFQ-staining. Some attempts were made to classify individual variations in size of the LAB variants as well as the C-band variants by means of a scanning micro-densitometer (Azumi et al., 1979 Oka et al., 1980) , which has opened a new approach in the evaluation of chromosome variants in man. stage, 3.5 days after fertilization (Takagi, 1974) . Using the RBA method, instead of QFQ, Takagi and Sasaki (1975) reported an unexpected finding that in the extraembryonic membranes such as the chorion and yolk sac of female mice the paternally derived X chromosome was preferentially inactivated; this was confirmed in the rat yolk sac (Wake, Takagi and Sasaki, 1976) . These studies led to new inquiries into the search for various problems pertaining to the functional differentiation of the mammalian X chromosome (Takagi, 1978 (Takagi, , 1980 (Takagi, , 1983 Takagi, et al., 1978 Takagi, et al., , 1982 Takagi, et al., , 1983 Endo and Takagi, 1981; Endo, Takagi and Sasaki, 1982; Sugawara, Takagi and Sasaki, 1983) .
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